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This paper presents the surface cooling trend observed in spring along East Asia coast after the late 1990s, in contrast to the global 
warming trend. This surface cooling trend is comprehensible as it agrees well with the cooling of sea surface temperature (SST) in 
the northwestern Pacific and the weakening of 300 hPa East Asian jet (EAJ) during spring. Moreover, this cooling phenomenon 
has been shown to be related to the rapid decline of Arctic sea ice cover (SIC) in previous autumns. The Arctic SIC signals in 
previous autumns can continue in spring and act as enhanced moisture sources that support the increased snow cover in Siberia 
during spring. The increased Siberian snow cover possibly favors the southward invasion of cold air masses via strong radiative 
cooling and large-scale descending motion, which may contribute indirectly to the reduction of temperature in East Asia. In addi-
tion, three climate models that can reproduce well the East Asian spring surface cooling observed in the past predicted uncertainty 
in the spring temperature projection in the next decade. 
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While the mean temperature near the surface of the planet 
has been continuously increasing since the late 1970s [1], 
the spatial patterns of temperature changes have been highly 
non-uniform [2,3]. East Asia is bordered in the east by the 
Pacific Ocean and in the southwest by the Tibetan Plateau. 
The unique geographic features produce distinct climate 
characteristics in East Asia [4]. Wang [5] indicated that the 
air temperature in middle troposphere over South China has 
been exhibiting a cooling trend since the late 1970s, which 
is in contrast with the common warming trend observed 
elsewhere. Besides, a similar cooling trend exists in case of 
surface temperature as well. 
Previous studies have shown that factors that influence 
the East Asian climate include the thermal contrast between 
Asia and the North Pacific [6,7], Arctic sea ice [8–10], Ti-
betan Plateau heating [11], and so on. The Arctic sea ice 
represents an important and highly variable component of 
the global climate system. Satellite data have revealed rapid 
Arctic warming since the 1990s [12–14]. The Arctic forcing 
linked to the sea ice cover (SIC) variability thus has become 
more important and is receiving more attention in recent 
years [15–18]. Liu et al. [19] indicated that the Arctic sea 
ice has substantial impact on the winter temperature and 
snowstorm activity. Here evidence is presented to show a 
relationship between the surface cooling signals in spring 
and the loss of previous autumn Arctic SICs after the late 
1990s. 
1  Surface cooling trend in spring along the East 
Asia coast observed after the late 1990s 
Based on the atmospheric data obtained from the National 
Centers for Environmental Prediction (NCEP) reanalysis 
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[20], we examined the linear trends of surface air tempera-
ture (SAT) in spring (Mar–May) during the past 15 years 
(1998–2012), as shown in Figure 1(a). A strong surface 
cooling trend has been observed along the East Asia coast. 
This is in contrast with the strong surface warming trend 
that covers the Arctic region, Europe, and Siberia. The time 
series of the area-mean SAT (15°–50°N, 100°–160°E) is 
shown in Figure 2. It exhibits a sharp increase around the 
year 1998, and the declining tendency is observed only after 
the late 1990s. 
Similar to the SAT trend described above, we performed 
a linear trend analysis of spring sea surface temperature 
(SST; based on the data from the National Oceanic and At-
mospheric Administration (NOAA) [21]) and 300 hPa zonal 
wind (U300). Evidently, coherent SST cooling occurs in the 
northwestern Pacific, but SST warming occurs in the central 
northern Pacific (Figure 1(b)). The upper troposphere west-
erly jet stream is one of the most important circulation sys-




Figure 1  (a) Linear trends of spring surface air temperature (SAT) during 
the past 15 years (1998–2012). Contour interval is 0.1°C/a. (b) Same as in 
Figure 1(a), except for spring sea surface temperature (SST). Contour 
interval is 0.03°C/a. (c) Same as in Figure 1(a), except for spring 300 hPa 
zonal wind (U300). Contour interval is 0.2 m s−1 a−1. Shaded regions rep-
resent 90%, 95%, and 99% confidence intervals, as estimated using a Stu-
dent’s t-test. 
trend can be seen in the region extending from central Sibe-
ria southeastward to northern Japan and a moderate westerly 
trend in the region to the south. As such, the 300 hPa East 
Asian jet (EAJ), defined as the time series of the area-mean 
difference U300 (42°–52°N, 120°–160°E) minus U300 
(30°–40°N, 100°–140°E), tends to weaken, which is dy-
namically consistent with the decrease in latitudinal tem-
perature gradient. Both the time series of the area-mean SST 
(15°–40°N, 120°–160°E) and the EAJ index have been ex-
hibiting significant declining tendencies after the late 1990s. 
In summary, above results support the finding that sur-
face cooling along the East Asian coast in spring has been 
occurring since the late 1990s, combined with the SST 
cooling in the northwestern Pacific and the weakened 300 
hPa EAJ. A pertinent question to ask would be what factors 
contribute to the East Asian surface cooling? 
Shown in Figure 3(a) is the linear trend of autumn SIC 
during the past 15 years (1997–2011). We calculated au-
tumn SIC using the 3-month (Sep–Nov) mean concentration 
fields of the Hadley Centre sea ice and SST dataset version 
1 (HadISST1) [22]. It was observed that the SIC declined 
rapidly in previous autumns, with the largest sea ice loss 
occurring from the Laptev Sea to the Beaufort Sea. The 
time series of the area-mean previous autumn SICs 
(75°–82°N, 90°–120°W) is shown in Figure 2, which shows 
significantly larger interannual variability after the late 
1990s than before. Meanwhile, an obvious declining ten-
dency is observed in the later period. 
Thus, the impacts of Arctic SIC on East Asian climate 
appear to have been enhanced after the late 1990s. We in-
vestigated this enhancement by analyzing the linear regres-
sions of spring snow cover (from the Northern Hemisphere 
25 km Equal Area Earth Grids (EASE-Grids) Snow Water  
 
 
Figure 2  1958–2012 time series of the previous autumn sea ice cover 
(SIC), spring East Asian jet (EAJ), surface air temperature (SAT), and sea 
surface temperature (SST) indices, which are standardized (but not 
detrended). Solid lines represent yearly variations and dashed lines repre-
sent the 11-year running mean. 
 Li F, et al.   Chin Sci Bull   November (2013) Vol.58 No.31 3849 
 
Figure 3  (a) Linear trends of autumn sea ice cover (SIC) during the past 
15 years (1997–2011). Contour interval is 30 km2/a. (b) Linear regressions 
of spring snow cover upon the negative previous autumn SIC index during 
1998–2007. Contour interval is 10 mm. (c) Same as in (b), except for 
spring 1000 hPa meridional wind (V1000). Contour interval is 0.5 m/s. 
Shaded regions represent 90%, 95%, and 99% confidence intervals, as 
estimated using a Student’s t-test. 
Equivalent Climatology available for 1978–2007 [23]) and 
1000 hPa meridional wind (V1000) upon the negative pre-
vious autumn SIC index from 1998 to 2007. The reduction 
of SIC corresponds to the enhanced moisture sources that 
support increased snow cover in Siberia in spring (Figure 
3(b)), as discussed by Liu et al. [18]. Moreover, Figure 3(c) 
shows a close association between the loss of SIC and the 
northerly anomalies in Siberia and Mongolia in spring. The 
findings discussed here suggest that these anomalous nor-
therlies are, in part, a result of the increased Siberian snow 
cover via its strong radiative cooling and large-scale de-
scending motion. The southward invasion of cold air masses 
may contribute indirectly to the reduction in temperature in 
East Asia. 
Furthermore, we examined the linear regressions of 
spring SAT, SST, and U300 upon the negative previous 
autumn SIC index from 1998 to 2012 (Figure 4). We found 
previous autumn SIC signals in East Asia, which strongly 
resemble Figure 1 in spatial patterns. The decrease in SIC 
corresponds to negative SAT anomalies along the East Asia  
 
Figure 4  (a) Linear regressions of spring surface air temperature (SAT) 
upon the negative previous autumn sea ice cover (SIC) index from 1998 to 
2012. Contour interval is 0.2°C. (b) Same as in (a), except for spring sea 
surface temperature (SST). Contour interval is 0.1°C. (c) Same as in (a), 
except for spring 300 hPa zonal wind (U300). Contour interval is 0.7 m/s. 
Shaded regions represent 90%, 95%, and 99% confidence intervals, as 
estimated using a Student’s t-test. 
coast and positive SAT anomalies in the Arctic region, 
southern Europe, and Siberia. Meanwhile, coherent negative 
SST anomalies occur in the northwestern Pacific and posi-
tive SST anomalies in the central northern Pacific. The 300 
hPa EAJ is weakened greatly under such circumstances, in 
conjunction with a decrease in the latitudinal temperature 
gradient. 
In addition, we investigated the spring surface cooling 
trend in East Asia during a warming climate, characterized 
by continued loss of Arctic sea ice, using the simulations 
from CMIP5 (phase five of the Coupled Model Intercom-
parison Project; see http://cmip-pcmdi.llnl.gov/). In this 
study, we focused on the historical simulation available 
from 1998 to 2005 and projection simulation under the 
RCP4.5 scenario (referred to as “representative concentra-
tion pathways”) from 2020 to 2029. Our preliminary analy-
sis showed that three models (GFDL-ESM2M, IPSL- 
CM5A-MR, and MPI-ESM-MR) could capture better the 
East Asian spring surface cooling observed in the past, as 
shown in Figure 5(a)–(c). 
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Figure 5  (a)–(c) Linear trends of spring surface air temperature (SAT) observed in the past (1998–2005), based on the simulation from GFDL-ESM2M, 
IPSL-CM5A-MR, and MPI-ESM-MR. Contour interval is 0.2°C/a. (d)–(f) Same as in (a)–(c), except for the next decade (2020–2029). Shaded regions rep-
resent 90%, 95%, and 99% confidence intervals, as estimated using a Student’s t-test. 
Based on the results obtained using GFDL-ESM2M, 
IPSL-CM5A-MR, and MPI-ESM-MR, we also plotted the 
linear trends in the next decade (2020–2029) in spring SAT. 
Figure 5(d)–(f) indicates that there are many cases with 
large uncertainties in the temperature trends over East Asia, 
with model simulations ranging from no trends (GFDL- 
ESM2M) to substantially positive trends (IPSL-CM5A-MR) 
to negative trends (MPI-ESM-MR). This might be a result 
of the integral effects of radiative forcing induced by the 
greenhouse gas increase and the associated feedbacks of the 
atmospheric circulation, cloud and precipitation, and sea ice, 
to the temperature change. These complex feedbacks con-
stitute the uncertainty of the spring temperature projection 
in the next decade. 
2  Conclusion 
In this work, we have shown that SAT along the East Asian 
coast has been exhibiting a strong surface cooling trend in 
spring since the late 1990s, which may significantly be cor-
related with the rapid decline of Arctic SIC in previous au-
tumns. The main reasons are as follows: 
(1) The Arctic SIC signals may act as enhanced moisture 
sources that support the increased snow cover in Siberia. 
(2) The memory of Arctic SIC and Siberian snow cover 
anomalies can continue from previous autumn to spring. 
(3) The increased Siberian snow cover possibly favors 
the southward invasion of cold air masses via strong radia-
tive cooling and large-scale descending motion, which may 
contribute indirectly to the reduction in temperature in East 
Asia. 
In addition, three CMIP5 climate models that could re-
produce well the East Asian spring surface cooling observed 
in the past suggested uncertainty of the spring temperature 
projection during 2020–2029 as compared to that during 
1998–2005. 
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